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A novel anionic metal-organic cube (MOC-1),
[NigHImDC);,> ", has been synthesized by metal-ligand
directed assembly of eight tri-connected Ni nodes and twelve
doubly deprotonated bis(bidentate) imidazoledicarboxylic acid

ligands (HImDC).

Assembly of finite supramolecular polyhedra and periodic
extended networks from molecular building blocks (MBBs)
offers great potential for the rational design and synthesis of
functional materials and nanostructures.! This approach has been
explored and, to some extent, has proven to be successful in metal—
ligand directed assembly.” Metal—carboxylate based clusters, where
metals are locked into their positions, have been synthesized in situ
and successfully used as rigid directional secondary building units
to design and construct stabile open metal-organic assemblies that
maintain their structural integrity even upon complete removal of
their guest molecules.> One of multiple complementary key steps
suitable for the logical synthesis of crystalline metal-organic based
assemblies is the ability to control the coordination number and
thus geometry of inorganic and organic building units. The
inorganic and organic building blocks can be judiciously prede-
signed to contain the required geometrical information and
directional binding functionalities to facilitate the attainment of a
predetermined structure.

Our approach to the design and synthesis of robust metal-
organic assemblies based on single metals as vertices is to render
each hetero-coordinated single metal, formed in situ, rigid and
directional using nitrogen—oxygen chelates. The metal-nitrogen
bonds will direct the topology, while the oxygen atoms will
complete the coordination sphere of the metal and lock it into its
position through the formation of rigid five-membered rings.

Here we report the implementation of this strategy to design and
synthesize metal-organic cubes (MOCs). Blocking, in situ, one face
of octahedrally-coordinated metals permits the formation of
trigonal pyramidal building units necessary for the construction
of MOCs. Two approaches can drive their assembly into
supramolecular cubes, and both have previously been reported
as successful:* (a) edge-directed assembly where the tri-connected
MBBs are bridged along the edges of the cube and (b) face-directed
assembly based on linking tri-connected MBBs occupying the
vertices with tetra-connected MBBs, decorating the faces of the
cube (Scheme 1).

Octahedrally-coordinated nickel ions prefer facial geometry, in
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this case fac-NiN;Oj3, when chelated in a five-membered fashion by
N- and O- of the ligand.> A bis(bidentate) ligand, such as 4,5-
imidazoledicarboxylic acid (H;ImDC), permits formation of such
five-membered rings (coplanar with the imidazole ring),® and thus
coordination with nickel will lead to the construction of a metal—
organic cube, where the metal-nitrogen bonds direct the topology.
Indeed, reaction of H3;ImDC and Ni(NOs;),-6H,O in N,N'-
dimethylformamide (DMF), ethanol (EtOH) and 4.,4"-trimethyle-
nedipiperidine (TMDP) gives blue cubic crystals containing the
expected metal-organic cube, MOC-1, [Nig(HImDC),]* .+ The
as-synthesized compound is formulated as Nig(HImDC);»-
(H,TMDP)4DMF)4(EtOH)4H-0); (1) by elemental microanaly-
sis and single-crystal X-ray diffraction studies.

In the crystal structure of 1 (Fig.1), each anionic cube
[Nig(HImDC),,]*~ resides in position around the crystallographic
center of symmetry and consists of eight Ni** ions occupying the
vertices of the cube, and linked in a bidentate fashion by twelve
HImDC exo-ligands. Each Ni ion is coordinated to three nitrogen
and three oxygen atoms from three separate HImDC ligands,
producing the facial octahedral coordination geometry, fac-
MN;0;. Each ligand, stabilized by the strong intramolecular
O-H---O symmetrical hydrogen bond (O---O in the range 2.50—
2.55 A), chelates two individual nickel ions to form two five-
membered rings coplanar with the imidazole ring. The regularity of
the cube is indicated by the fact that Ni-Ni—Ni angles lie between
88.28(1)° and 91.85(1)°, and the Ni-Ni distances along the edges
are all in a narrow range 6.299-6.333 A. The distance from the cube
center to the closest non-hydrogen atom of the imidazole ring, C3,
is 3.93 A, thus the inner cavity has an estimated volume of ~ 50 A®
(Fig. 2). The isolated MOC-1 does not host any molecules in its
cavity, and possesses an overall 7;, symmetry.

Two crystallographically independent H,TMDP cations play

Fig. 1 Structure of the [Nig(HImDC);,]*~ cube showing 30% probability
ellipsoids. Carbon (gray), nitrogen (blue), oxygen (red), and nickel (green)
atoms shown; hydrogen atoms are omitted for clarity. Distances ({1): Ni-Ni
6.299(1)-6.333(1); Ni-N 2.033(6)-2.060(5); Ni-O 2.096(5)-2.165(5). Angles
(°): N-Ni-N 94.5(2)-97.8(2).
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distinct roles in the packing of 1 (Fig. 3). One type, illustrated in
blue, bridges adjacent neighboring [Nig(tHImDC),,]* ™ cubes, along
the c-axis, through hydrogen bond interactions (N-H---O) to form
well-defined supramolecular ribbons. The second one is disordered
over two positions with equal probability and joins the ribbons via
another set of N-H---O H-bond interactions, either into a three-
dimensional network, where the H,TMDP cation (red link) bridges
the ribbons concurrently along both ¢ and b directions, or into a
two-dimensional layer where the ribbons are merely linked along
the a-axis (purple link). Taking into account the high thermal
motion of the disordered cation, one can suggest that these two
positions are interchangeable. The eclipsed ribbons are held
together by additional hydrogen bonds through water molecules
to generate one-dimensional channels along the a-axis where the
remaining neutral guest molecules reside.

In order to evaluate the magnetic behavior of the novel
octanuclear nickel cube (MOC-1), we measured the temperature
dependence of its molar magnetic susceptibility (Fig. 4a). The
susceptibility increases with decreasing temperatures as is typical in

Fig. 2 Space filling model of the [Nig(HImDC),,]* ", MOC-1, viewed down
a cube face. Carbon (gray), hydrogen (white), nitrogen (blue), oxygen (red),
and nickel (green) atoms shown.

Fig. 3 An illustrative packing view of 1 along the a-axis, showing the cubes
(green) joined together by H,TMDP cations through N-H---O hydrogen
bond interactions.
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Fig. 4 (a) Magnetization vs. temperature for 1. The measurements were
performed at 5000 Oe magnetic field at temperatures from 5 to 300 K. (b)
Magnetization vs. magnetic field measurements at 5 K and 300 K.

paramagnetic systems. However, at around 51 K, a pronounced
drop in the susceptibility is observed, which can be interpreted as
due to the weak antiferromagnetic ordering between nickel ion
centers. The M—H curves at 5 K and 300 K are shown in Fig. 4b.
At both temperatures the data are linear and fully reversible with
no hysteresis, which is characteristic of paramagnetic behavior.

This report illustrates the potential of using N— and O- hetero-
coordinated single metals, locked into their positions via chelation,
as rigid directional building units to design and construct metal—
organic assemblies where mainly the M-N bonds dictate the
geometry of the inorganic building units. Expanding this approach
to other metal coordination modes, MN,O,, is currently under
investigation.

Notes and references

+ Synthesis  of 1. 4,5-Imidazoledicarboxylic acid (0.065 mmol),
Ni(NO;),:6H,O (0.044 mmol), DMF (1 mL), EtOH (1 mL), 44-
trimethylenedipiperidine (0.1 mL, 0.95 M in DMF), and HNO; (0.2 mL,
0.35 M in DMF) added to a 20 mL vial. Solution heated at 85 °C for 12 h,
then cooled to room temperature. Blue color cubic crystals collected and
air-dried (82% yield). The as-synthesized material is insoluble in water and
common organic solvents. CHN elemental analysis (%) for 1,
C132H200N36062Ni3: caled. C, 4224, H, 537, N, 1344, found C, 4211,
H, 5.23; N, 13.43. FT-IR (4000-600 cm ™ '): 1655 (m), 1560 (w),1477 (vs),
1410 (m), 1302 (m), 1252 (m), 1110 (m), 843 (m), 783 (m), 661 (vs).

i Cryslal datafor 1: C]32H200N36062Nig: Mr = 375296, monoclinic, P2|/C,
a = 16.086(2), b = 28.306(3), ¢ = 21.617(2) A, p = 102.189(2)°, V =
96212) A’ Z = 2, D, = 1.295gem 3, u = 0.85 mm ™', 19870 [R(int) =
0.0733] unique reflections of which 11 110 assumed as observed (I > 2a(1)).
Final R1 = 0.0961, wR2 = 0.2793 (for I > 2a(I)). CCDC 243500. See
http://www.rsc.org/suppdata/cc/b4/b409459j/ for crystallographic data in
.cif or other electronic format.
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